Introduction
The purpose of this case report is to discuss the evaluation and management of scaphoid nonunion in patients with congenital musculoskeletal syndromes. Klippel-Feil syndrome (KFS) is a rare disorder characterized by the presence of congenital synostosis of some or all cervical vertebrae [26] caused by a failure in the normal segmentation of the cervical vertebrae during the third to the eighth week of gestation [25] . The classic clinical triad of KFS consists of a short neck, low posterior hairline, and limited neck range of motion due to cervical synostosis [26] . Abnormalities of the hand have been associated with KFS [2, 4, 8, 15, 25] and are predominantly preaxial [2, 4, 15, 25] . One instance of a postaxial anomaly in a patient with KFS has been reported [2] . A prior identification of capitohamate coalition in a patient with Klippel-Feil syndrome was suggested to be a manifestation of a new clinical syndrome [14] . Additional carpal coalitions have not been reported nor have scaphoid abnormalities secondary to the carpal coalitions been described that are associated with Klippel-Feil syndrome.
Case Report
A 14-year-old left-hand dominant male with Klippel-Feil syndrome, manifested by cervical spine neck webbing and bilateral mildly hypoplastic thumbs, presented with 1 year of left wrist pain following a minor fall while playing soccer ( Fig. 1) [15, 26] . He had experienced wrist pain during activities of daily living and was treated with splinting. He was referred to a local hand surgeon and evaluated with radiographs and an MRI due to continued pain and loss of range of motion. He was diagnosed with a scaphoid nonunion of the left wrist. Despite conservative treatment, he continued to experience mild pain with lifting, turning door knobs, and playing volleyball. The right wrist was asymptomatic and had no history of injury.
On examination, the radial pulse was absent bilaterally to Doppler signal. He experienced significant tenderness at the base of bilateral thumbs; a scaphoid shift test was painful. Wrist range of motion of the affected wrist was limited (extension/flexion, 30/70°(70/70°contralateral); radial/ulnar deviation, 10/20°(30/35°contralateral); palmar/radial abduction 50/50°bilaterally) as was his grip strength of 16 kg (24 kg contralateral). He maintained full range of motion of his digits with normal thumb opposition. He had thumb hypoplasia with narrowing of his thumbindex web space, hypoplastic intrinsic thenar muscles, and a mild degree of metacarpophalangeal joint laxity [10] . Hand and wrist radiographs were obtained along with a CT of the left wrist revealing scaphotrapezium coalition, scaphoid nonunion, and dorsal intercalated segment instability (DISI) deformity (Figs. 2 and 3). Due to the unusual radiographic findings of the left wrist and the presence of other congenital abnormalities, the right wrist was evaluated with radiographs. The right wrist demonstrated similar abnormalities, despite being asymptomatic (Fig. 2 ).
Treatment options for scaphoid nonunion are well established [11, 12, 19, 23, 24, 27, 28] . Intraoperatively, an established scaphoid nonunion of the left wrist was identified with no soft tissue attachment to the proximal pole fragment (Fig. 4 ). The patient was treated with successful scaphoidectomy and four-corner arthrodesis. A four-corner fusion was chosen to prevent potential radiocarpal abutment with radial deviation because of the radialsided coalition, but a proximal row carpectomy could have also been performed.
Twenty-four months following operation, the patient was experiencing no pain unless his wrist was overstressed. He experienced no limitations in his daily or recreational activities. Wrist range of motion was improved (extension/ flexion, 46/25°(67/65°contralateral), radial/ulnar deviation, 18/18°(25/48°contralateral)) as was grip strength of 37 kg (48 kg contralateral). Postoperative radiographs revealed solid bony fusion along with normal postoperative findings ( Fig. 5 ). His right wrist remained asymptomatic, and it has been reevaluated yearly with radiographs and clinical examinations.
Discussion
Carpal coalitions have been described between nearly all of the carpal bones with lunotriquetrum followed by capitohamate being the most frequent [9, 21] . Carpal coalitions associated with syndromes tend to involve more than two carpals, frequently involve the scaphoid, and have fusions across the carpal rows [3, 21] . More complex nonsyndromic congenital carpal coalitions such as scaphotrapeziotrapezoid fusion and congenital fusion of the scaphoid, trapezium, trapezoid, and capitate have also been observed [1, 29] in the general population. Carpal coalitions may place the wrist at greater risk of scaphoid fracture and nonunion [10] .
Approximately 5-10% of the 345,000 scaphoid fractures annually in the USA result in nonunion [18, 20] . Although the overall prevalence of scaphoid nonunion is low [22] , the risk of osteoarthritis in patients with nontreated scaphoid nonunion nears 100% [16, 18] . The presented case suggests Fig. 2 a-d Posterior-anterior and lateral radiographs of the left symptomatic (a, b) and right symptomatic (c, d) wrists demonstrating a scaphoid nonunion with a dorsal intercalated segmental instability pattern and coalition of the scaphotrapezium joint Fig. 1 a, b General appearance of the 14-year-old male consistent with Klippel-Feil syndrome. The classic clinical triad of KFS consists of a short neck, low posterior hairline, and limited neck range of motion that underlying congenital malformations of the wrist may place patients at higher risk for nonunion. In patients with musculoskeletal syndromes, radiographs of the contralateral wrist and CT scan of the symptomatic wrist provide additional insight into the patient's presentation. In the above case, radiographs revealed either bilateral scaphoid nonunion or congenital bipartite scaphoid of the asymptomatic wrist with DISI deformity suggesting potential baseline instability. As a result, the patient's symptomatic side was treated aggressively to reduce wrist instability and avoid the development of osteoarthritis.
The findings of bilateral scaphoid nonunions and bilateral carpal coalitions involving proximal and distal rows with bilateral thumb hypoplasia are very unusual, although radial-sided carpal abnormalities can be associated with thumb hypoplasia. The presence of a contralateral asymptomatic scaphoid nonunion in the absence of a history of trauma leads one to consider the possibility of a congenital bilateral bipartite scaphoid. There are several case reports of bipartite scaphoid, including bilateral bipartite scaphoids suggestive of a congenital etiology [7, 13, 17] . It remains possible that this patient sustained trauma to both wrists and developed bilateral scaphoid nonunion. However, the patient denies any trauma to the asymptomatic side and had only a minor trauma to the affected side. Additionally, the intraoperative finding of having a completely free floating proximal scaphoid with no soft tissue attachments in a pediatric age patient is not consistent with most pediatric scaphoid nonunions [5, 6] .
In conclusion, we report an unusual case of bilateral scaphoid nonunions, thumb hypoplasia, and carpal coalitions in a boy with KFS. In patients with musculoskeletal syndromes who present with wrist pain, it is important to carefully examine both wrists and evaluate the radiographic studies to determine if carpal anomalies may be contributing to their wrist pain. This case reveals the value in obtaining films of the contralateral wrist in an effort to diagnose baseline instability of the wrist. The case supports the position that carpal coalition may place scaphoid fractures at higher risk of nonunion. Treatment of the carpal conditions in these patients requires individualization and a systematic and detailed approach that is thoroughly discussed preoperatively. It is also important to recognize that the wrist abnormalities may be secondary to long- Fig. 4 a, b Intraoperative volar (a) and dorsal (b) approaches to the scaphoid nonunion. Dorsal approach reveals a partially resected distal pole and a four-corner arthrodesis using iliac crest bone graft and fixed with a mini-Spider plate (KMI, San Diego, CA, USA) Conflicts of interest The authors declare that they have no conflict of interest.
